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INTRODUCTION* 


Thermal  radiation  rosearch  In  tha  Department  of  Engineering  of  tho 
University  of  California  at  Berkeley  haa  ombracod  many  phases  of  radiant 
energy  transfer.  (3aa  G i a r { 1 93 9 ) ar.d  (1940)i  Booltar  (1.945)j  Thermal  Radi- 
ation Frojeot  (1948a,b)a),  (1949a,b)a)  ar.d  (1950)) 

The  Snow  Charaotaristlos  Rasearoh  Contraot  No.  DA-11-190-3HG-3,  with  the 
3now,  Ioe  and  Fermafrost  Rasearoh  Establishment  of  the  Corps  of  Engineers  of 
the  U.S,  Army  began  on  June  27,  1952.  The  basio  activities  under  this  oon- 
traot  ars  as  follows) 

1,  A study  of  tha  spaotral  oharsoteristlos  of  wet  and  dry  snow  and  tha 
total  emisslvitlea  and  absorpti7itlae  of  wat  and  dry  snow  for  temporaturea 
between  0°C  and  -60°C. 

2,  A rslatad  investigation)  the  study  of  the  radiant  oharaoteriatios 
of  various  typos  of  paints  and  materials  whioh  might  be  used  in  arotio  con- 
ditions, 

3,  Determination  of  oritsria  for  the  selection  of  materials,  ooatings 
.id  olothing  for  arotio  oaaouflaga  and  for  identification  under  arotio  whits- 

out  conditions. 

This  report  summarises  the  progress  which  has  bean  made  in  these  activi- 
ties to  date. 

The  report  is  divided  into  sections  (scrraaponding"to_tha  abow 
objeotivas)  disou33lng  ths  various  phases  of  tr.s  aotivity. 

The  following  indicates  tho  sections  inoludsd  in  this  report  together 
with  a short  summary  of  each  section. 

I.  Spaotral  Reflectivity  and  Refleotar.ce  of  Various  Materials 
A.  Heated  Cavity  Refleotometer 

This  section  is  in  relation  to  item  (2)  under  basio  activities 
above  and  contains  a description  of  tho  heatod  cavity  roflootomster 
as  well  as  spectra!  reflectance  data  of  materials  wnich  can  be 
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ooated  or  painted  on  a oonduotiva  surface  or,  on  tho  other  hand, 
materials  whioh  ara  oor.duotive  and  have  a fairly  high  taMile 
strength.  Iha  discussion  relates  to  limitations  of  the  system, 
analysis  of  several  of  tha  ourves,  and  an  example  of  hoi*  tha  data 
oan  ba  utilised . 

B.  Paraboloid  Haflecicnatar 

Tha  measurement  of  epooiral  raflaota.no*  data  with  tha  heatad 
oavity  raflaotonatar  is  dasoribed  in  saotion  1-A,  As  tha  briaf 
aumary  ir.dicatas,  thara  is  a limitation  on  tha  r.atsrial3  which 
oan  ba  tastsd.  Tha  paraboloid  raflaotonatar  will  ba  built  to 
permit  tha  measurement  of  sytot.-al  rsflaotanoa  for  materials  othar 
than  thosa  dasoribad  abo7*.  ills  saotion  of  tha  raport  inoludaa 
a briaf  dasorlption  of  tha  paribc’cid  raflaotonatar  whioh  ia  now 
being  designed. 

II.  8urfaoa  SnissiTity  at  or  Saar  Aabisut  Taaparaturs 

A,  Tha  Two-Hadicnatar  loathed 

-This  3aotion  is  in  relation  to  item  (1)  above  n-d  oontair...  a 
dasorlption  of  tha  two-radionatsr  astbed  for  measuring  surfaoa 
anissiTity  of  surfaoas  at  or  naar  aabiant  tanparaturs.  Tha  measure- 
ment of  anissl7ity  at  thasa  tsnpsraturss  ia  dlffioult  beoausa  tha 
anargy  aaittsd  by  tha  surfaoa  is  low.  Tha  two-radionatsr  nathod  is 
dasoribad  and  relevant  aquations  ara  presented. 

B.  Enissi7ity  Matar 

Tha  two-radiematar  nathod  dasoribad  in  II-A  abors  is  a labora- 
tory instruasnt.  In  ordar  to  parnit  fiald  dataraination  of  amissi7ity, 
tho  aml33i7ity  natar  was  dasignod.  This  is  a portabla  instrument.. 

This  section  of  tho  raport  describes  tho  meter  and  pro3onts  the 
relevant  equations. 
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. Trans, nl33l7lty  and  Ab3crpti7lty  of  Snow 
A.  Solarimatar  and  Albade:;ator 

This  aeotlon  of  tha  raport  daaoribaa  two  dovicaa  whioh  wars 
davalopad  In  tha  laboratory  to  naaaura  tha  transniaaion  and  albado 
rf  anew  to  solar  radiation.  Applloabla  aquatlor.a  ara  inaludad  and 
praliainary  fiald  data  ara  dlaouaaad,  Alao  diacuaaad  ij  tha  hola 
affaot  inharant  in  all  maaiuramantj  o'  transmission  of  anow. 
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I.  8P5CTRAL  RSFISCTIVTiy  AND  P.SFLSCTANCS  OF  VARI0U3  MATERIALS 
A.  Ranted  Cavity  Raflootomatar 

Introduction  - Spooural  reflectivity  and  reflectance  data  provides  flaxi- 
bla  information  for  tha  dataraination  of  total  aniasivity  or  absorptivity.  By 
nur.arically  or  rceahanioaliy  intagrating  tha  product  of  tha  aouroa  or  surfaoa 
apaotral  anargy  distribution  ourvs  and  tha  spaotral  raflaoti7ity  or  raflaotanoa 
of  tha  surface,  it  is  possible  to  obtain  tha  total  raf laotivitias  for  materials 
•when  irradiatad  with  different  sources  and,  similarly,  it  is  possible  to  obtain 
total  amiasivitias  or  absorpti7itiaa  for  the  material  at  various  tsmparaturss . 
(3ae  Appendix  I for  further  analysis).  This  procedure  is  limited  by  the 
spaotral  region  oovarad  by  tha  data.  At  the  present  time,  faoilitiaa  ara  avail- 
able for  measurements  in  tha  1.0  to  13.0  micron  region  only.  A General 
Bleotrio  Heoording  Spaotrophotcaatar  will  be  available  soon  for  measurements 
between  0.4  and  1.0  mioren.  A T3r  prism  is  being  obtained  and  this  will  permit 
the  extension  of  the  infrared  measurements  from  13.0  to  approximately  25.0 
microns.  It  is  more  difficult  to  obtain  reliable  data  in  this  latter  region 
einoe  the  energy  available  is  limited  by  the  maximum  temperature  attainable  in 
the  heated  oavity  (ISCO0?). 

In  addition  to  tha  above,  the  speotril  data  nay  reveal  the  presence  of 
distinot  absorption  bands  for  tha  various  materials  investigated;  this  infor- 
mation may  be  useful  in  connection  with  certain  dstaotion  and  camouflage 
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pro'.lama,  as  for  instance,  part  (3)  of  our  present  oontraot. 

Description  - Tha  system  used  in  these  measurements  is  similar  to  the  one 
previously  used  (Thermal  Radiation  Projeot  1949a  and  19S0),  however,  several 
changes  and  modifications  have  been  made  that  ara  believed  to  be  refinements . 

It  is  believed  the  revised  system  will  yield  mors  precise  data/ 

The  basic  components  of  the  experimental  equipment  are  a heated  cavity 
in  which  is  placed  a water  cooled  cample  ar/i  an  ontical  ayctum.  to  direct  the 
•iner,*y  Into  nr.  infrared  rn.oncohrc-.ntcr . For  n ,*lver.  wnvulen.'th  the  or.or/y 
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iwflaoted  from  tho  sample  is  compared  to  tha  energy  emitted  by  the  cavity. 

Tha  ratio  of  the  nat  deflections  of  tha  recording  system  ie  a direot  meaaura 
* of  the  spectral  reflectivity  or  roflootanoa  (see  Figure  I-A-l), 

The  cavity  is  a section  of  l/4"  wall  nickel  pipe,  4-1/2"  O.D.  and  approxi- 
mately S-l/2"  long.  The  bottom  is  l/4"  nioksl  plate  with  a 0.3751*  to  1.20" 
tapersd  hol9  in  ths  canter.  Tha  top  is  constructed  of  two  sections  of  tha 
same  matsrial,  pitchsd  7°  from  ths  horiiontal.  One  side  of  tha  ridged  top 
provides  for  insertion  of  ths  sampla  holdar.  The  entire  assembly  is  joined 
together  by  ths  heliaro  process  to  gain  strsngth  -and  to  obtain  geed  thermal 
oonductivity.  The  ohoioo  of  nioksl  was  made  because  of  strsngth,  thermal 
oonduotivity  and  oxidation  rssistanos  at  high  temperatures . The  cavity  is 
supported  in  ths  rsflsotcmeter  case  by  three  positioning  reds  for  aocurate 
alignment  and  rigid  support,  and  is  hsated  by  three  separately  controlled 
niohreme  wlrs  wound  heaters.  The  side  hsatsr  oensists  of  two  Jesri- cylindrical 
850-watt,  110— volt  "Eevi-Duty"  muffles  oonasoted  in  series.  The  top  and  bottom 
haatsrs  are  molded  to  oonform  to  ths  oavity  configuration  and  oonsist  of  22 
gags  Tophet  A rssijtanoe  wirs  embedded  in  Sausrisen  No,  8 oenent.  These  two 
hsaters  are  hsld  firmly  against  the  oavity  by  the  rock  wool  insulating  material 
which  fills  ths  space  between  tha  heatar-oavity  assembly  and  the  water  cooled 
outer  oass. 

The  temperature  distribution  of  tha  cavity  is  measured  with  four  Chrcmel- 
Alumel  thermocouples  peened  to  the  outside  surface  of  the  oavity  wall.  Cn# 
thermocouple  is  placed  in  ths  region  viewed  as  ths  reference)  another,  measures 
ths  temperature  in  ths  arsa  opposite  the  sample.  The  remaining  two  are  on 
opposite  sides  of  tha  cavity  midway  between  the  top  and  bottom.  The  tempera- 
ture variation  is  minimised,  by  oontrol  of  the  heaters,  to  a maximum  of  10°?. 
Most  reflectance  and  reflectivity  data  were  taVon  with  a 5°?  temperature  vari- 
ation. Tho  cavity  was,  therefore,  approximately  Isothermal  and  this  fact, 
combined  ••  l th  the  dimensions  selected  according  to  proscribed  criteria  (Sucklcv 
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Three  first  3urfac3  flat  mirrors  and  two  first  surface  spherical  mirrors 
with  appropriate  shielding  mako  up  the  optical  system  which  collaots  the 
energy  from  the  refleotomstsr  and  foousos  it  upon  ths  entrance  slits  of  the 
Uodsl  33  Perkin-Slmer  Monochromator  (see  Figure  I-A-2).  A water  ooolsd  shield 
is  placed  direatly  he lew  the  cavity  to  prevent  energy  emitted  by  the  rafleotcm- 
eter  oase  from  sntsring  the  measuring  syvtsm.  An  iris  diaphragm  is  used  as  a 
second  shield  aad  isjplaoed  at  the  first  fccus.  Both  shields  are  adjustable 
in  three  dimensions  to  insure  complete  alignment. 

The  output  of  ths  detector  located  in  ths  monochromator  is  amplified  with 
a Medal  81  Parkin-Slaar  A-fl  Amplifier,  The  output  of  the  amplifier  is  fsd  into 
a recording  potantiemetar. 

A oheok  on  ths  alignment  of  tha  entire  system  is  mads  by  sighting  at  ths 
sample  holder  opening  with  the  holder  rsmorred.  A xero  deflaotioa  on  ths 
reoordsr  indioatas  the  optical  line  of  sight  is  passing  dirsotly  through  ths 
oantsr  of  this  opening.  Comparisons  ar*  also  mads  for  different  sample  surfaoes  . 
with  data  obtained  from  ths  literature  and  from  previous  work  (Thermal  Radiation 
Project  (1349a)  and  (1350)), 

Ths  sample  holder  is  mads  up  of  two  ocnoentrio  oooling  jackets.  The 
inner  jaokat  ooatalns  a tube  which  directs  a high  velocity  stream  of  watsr 
directly  upon  ths  baok  of  the  s ample  dlso*  Ths  outer  ohamber  serves  to  oool 
the  sample  holder  itself  and  aids  in  the  elimination  of  edge  heat  oenduotion 
to  the  sample  (see  Figures  I-A-3,  4).  Ths  temperature  of  the  sample  diso  has 
been  measured  severel  times  and  found  to  be  approximately  30°?  for  a water 
temperature  of  65°?.  Tha  errors  introduced  by  this  temperature  rise  are 
di sous  sad  in  Appendix  I, 

\ Tha  sample  disc  itself  is  normally  30  aluminum  Q.C30"  thick  and  7/3"  in 

* * '"  • < 

diameter.  The  eanplos  are  punched  out,  polished  with  a buffing  wlje»jl  and  tha 

* | * 

thickness  of  oich  is  recorded.  The  paint  cr  ether  coating  ia  applied  and  the 
sample  aj.iin  measured  In  order  to  determine  the  coating  tni ckness . In  the 
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of  flat  blaok  paint  Is  applied  to  the  sample  dlso.  This  blaok  paint  absorbs 
tho  enargy  whioh  would  bo  transmitted  to  tho  polished  aluminum,  reflected 
and  retransmitted  into  the  optical  system  giving  erroneous  reading.  In 
addition,  various  thicknesses  of  transmitting  samples  are  run,  until  the 
transmission  offset  has  been  eliminated.  The  refleotivity  of  plastic  matarials 
is  measured  with  a metal  dlso  backing  the  sample  to  guard  against  the  pos3i- 
bility  that  the  plastic  may  soften  and  be  punotured  by  the  water  jet. 

As  mantionad  previously,  ths  savlty  has  a ridgsd  top,  the  two  sootiona 
ars  inolined  7°  from  the  horliontal.  The  sample  it3elf  is  viewed  at  an  angle 
5°  from  its  normal.  Consequently,  the  rsflsotometsr  oase  must  tilt  • 12° 
between  readings . This  angular  displacement  is  intondsd  to  eliminate  a possi- 
ble first  rsflsotion  ocalng  from  ths  ooelsr  edge  of  the  opening  in  ths  bottom 
of  the  oavity.  Also,  this  fsaturs  reduoes  tho  possibility  of  energy  from 
the  surrounds  entsring  ths  oavity  ard  reflecting  from  the  sample  into  tho 
system. 

Olscusslcn  of  Hssults  - As  was  pointed  out  in  the  previous  seotion,  the 
rsflsotoaetor  has  been  under  development  for  several  years.  This  latsst 
model  Is  believed  to  ha7s  rsduood  as  much  as  possible,  errors  and 'sources  of 
errors.  The’ use  of  cooling  water  In  and  around  the  system  hae  been  increased 
and  It  is  believsd  that  the  mothed  and  manner  of  shielding  has  been  improved. 

In  addition,  ths  ooolir.g  of  the  sample  hae  been  mads  more  effective. 

Tho  last  point  regarding  tha  cooling  of  the  sample  has  baen  subjected 
to  much  thought.  As  shown  In  ?lgurs  I-A-4,  ths  ooolir.g  water  is  forced 
against  the  hack  of  tha  sample  at  a 7ary  high  velocity.  Ths  oonvaotion  coef- 
ficient on  this  surface  has  basn  sstimatsd  to  be  higher  than  1CCO  3tu/^irft2 
Caloulaticna  show  that  such  a value  is  necessary  In  the  oase  of  samples  having 
a high  absorptivity  (see  Appendix  I).-  I eating  of  the  sample  13  very  sericu3 
as  It  affects  tho  longer  wavelength  measurements  appreciably.  Calcel itio-3 
in  'ppa/:Mx  r Ilsew  tee  percent  relative  cr>-or  at  12  mierc-s  for  a sm"lo  a-srfiro 
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in  We  r.aaauromonta , 

Other  sources  of  arrora  arai  (!)  tha  stability  of  tha  amplifying- 
raooriing  syaten,  (2)  readable  accuracy  of  tha  raoordar,  and  (3)  operator 
arror.  Considering  tha  abova  factors,  tha  data  prasantad  is  believed  to  bo 
aoourata  to  i 0.02  units  in  tha  worst  oa3a.  Thus,  a maaaurad  valua  of  r 
aqual  to  0.10  ray  ba  0.12  or  0.03. 

Data  ara  prasantad  in  Flguraa  I-A-o  through  I-A-21.  Two  sata  of  data 
a ra  lnoludad  to  demonstrate  ths  affaot  of  saapla  trananiaei.ity.  Tha 
raflaotanoa  of  magnesian  oxlda  for  taro  dlffarant  thioknassss  on  taro  base 
materials  ara  gi7sn  in  Figures  I-A-18  and  I-A-19.  Tha  first  figura  illus- 
trataa  tha  ahanga  of  raflsatar.oa  with  thickness  for  a flat  blaok  undarooat. 

Iha  saoond  figura  is  ocmparabla  data  for  a polishad  aluminum  basa  aatarial. 

Tha  higher  raflaotanoa  measured  for  tha  thicker  samples  is  a rasult  of 
aultlpla  raflaotions  within  tha  oxide  and  daacnatratas  tha  magnitude  of  this 
affact.  The  saoond  aat  is  for  titaniua  dioxida  ar.d  tha  comparison  is  on  ths 
basis  of  comparable  thicknassas  with  diffarant  undarcoaij,  Figures  I-A-20 
and  I-A-21.  Tha  ragion  from  3 to  8 microns,  Figura  I-A-20  is  ons  of  trans- 
mission, wharaas  from  11  to  15  aiorona,  tha  raflaotanoa  msa3u«d  is  that  of 
tha  dioxids. 

The  data  prasantad  for  aostings  suoh  as  paints,  furnishes  a definite 
damenstration  of  tha  importance  of  ths  transmission  and  raflaotanoa  of  tha 
base  material  or  undercoat.  For  irradiation  from  sources  in  tha  temperature 
range  ICO  to  1CC05F,  thasa  effaces  will  have  a dafinita  and  material  influanoa 
upon  tha  affaotiva  aniasivity  (smittanca).  For  thi3  rsa3on,  tha  results  for 
sacsral  , natariala  prasantad  herein  must  be  termed  raflsotinca  ar.d  not 
raflaotivity.  These  natariala  which  do  not  indicate  transmission  effoot3, 
provide  reflectivity  data  but  thia  ia  conditioned  by  tho  requirement  for  a 
spocific  minimum  sample  t'r.icknaas. 

Tha  run.-e  of  data  has  boar,  limited  by  tha  prian  available,  to  1.0  to 
U.C  micro-!.  As  — r.t-o-.o.i  previously,,  Visible  rof'  ictivi  ties  will  he 
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measured  with  the  G.  E.  Recording  Speotrophotcnetor  and  whan  tha  KBr  prism 
is  secured,  measurements  will  ba  extar.ded  to  25  miarcns . A quarts  pri3m  ia 
available,  but  ha3  not  yat  baan  uaad.  Ihi3  prism  will  pannit  checking  tha 
liaCl  prism  results  between  1.0  and  approximately  3 ,5  microns.  In  addition, 
quarts  will  give  bottar  disparaion  and  hanea  rasolution,  in  this  ragion. 

Tha  data  prasantad  ara  tha  preliminary  rsault3  obtained  with  tha  equip- 
ment. Further  work  i3  aontir.uing  ar.d  tha  plana  ars  to  inoraasa  ths  types  of 
samplaj  measured.  A large  aircraft  manufacturer  is  furni3hir,g  3ampl33  of 
various  materials  ar.d  coatings  for  measurement.  This  information  may  enable 
bettor  selection  of  materials  for  use  in  the  arotio.  Kora  accurate  radiative 
heat  balances  nay  be  oalculatad  for  cooling  and  hasting  of  surfaces  in  tha 
polar  regions  using  ths  data  obtained. 

A sample  calculation  illustrating  the  use  of  the  information  presented, 
is  given  in  Appendix  II.  Ths  calculations  are  for  solar  irradiation  and  a 
surface  temperature  of  60°F.  This  illustration  is  given  to  demonstrate  the 
utility  of  spectral  data.  Ths  source  may  be  of  any  form  as  long  as  the 
spectral  distribution  is  known.  Numerical  or  mechanical  integration  is  used 
to  evaluate  the  souroe  and  rsflsotion  ourres  and-thus  obtain  ths  reflsotivity 
of  the  material  as  ths  ratio  of  the  two  areas. 

B.  Paraboloid  Bafleotcmeter 

Introduction  - The  measurement  of  spectral  reflsotance  with  tha  heated 
oavity  raflaotcmatar  haa  baan  described  in  3eotion  I-A.  As  pointed  out  ia 
the  discussion,  ths  temperature  rise  o l t!js  sample  may  introduce  an  appre- 
ciable error  in  ths  measured  rsflaotaree  of  certain  samples.  Furthar,  ths 
system  is  not  sdaptabls  to  ths  measurement  of  the  speotrsl  rsflaotanos  of 
other  materisls,  such  as  snow,  ice,  ar.d  pomafreat.  Tha  need  for  an  instru- 
ment which  would  permit  the  measurement  of  reflectance  without  heating  of 
tha  sample  provided  the  impetus  for  the  dosign  of  the  Paraboloid  Hofloctcm- 
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Dosorlptlon  - A sohamatio  diagram  of  tho  planned  system  la  shown  in 
Figure  I-B-l . Tho  source  may  be  “aloctad  ao  aa  no  provide  maximum  enorgy  at 
various  portions  of  tha  apaotrum,  a.g.,  globar,  meroury  lamp,  inoandaaoant 
lamp  or  hohlraum.  Tha  energy  from  tha  aouroa  will  ba  ohopped  and  diraotad 
into  a Psrkin-Slmer  Hodal  83  moncohrcmator,  disparaad  by  tha  priam  and  a 
monoohromatio  bean  will  emerge  from  the  exit  slits.  An  optical  aystam  will 
collimate  this  beam  and  diraot  it  batwaan  tha  parabolio  mirrors  whara  a flat 
mirror  will  raflaot  the  energy  onto  one  of  the  parabolio  mirrors  whloh  foouaes 
tha  energy  on  tho  sample.  Tha  energy  ref looted  by  the  sample  is  oollaotad, 
oollimatad  and  diraotad  to  tha  other  parabolio  mirror.  Tha  aeoond  parabolio 
mirror  rafoouses  tha  energy  on  a detaotor.  Tha  output  of  this  detaotor  is 
amplified  and  raoordad  in  tha  same  manner  as  the  system  dseorited  in  Seoticn 
I-A,  above. 

The  sample  holder  will  ba  oonatruotad  so  as  to  permit  viowing  of  the 
sample  and  of  a reference  surfaoa  alternately The  rafsrenoe  aurfaoe  is  to 
have  a high  reflectance. 

Pl3ou33lon  - It  is  believed  that  this  design  has  the  following  advantages* 

1.  Since  the  energy  i3  ohopped  befora  it  strikes  the  surfaoa  of 
the  sample,  the  amiaeion~6f  the  sample  will  not  be  detected. 

2.  Tha  total  hemispherical,  rathar  than  normal  reflaetanoe  will 
ba  measured. 

3.  Tha  ar.gla  of  incidence  of  the  monoohromatlc  beam  may  be  varied 
by  ohanging  tho  position  of  the  flat  mirror. 

4.  The  paraboloids  may  be  placed  in  a oabinet,  tho  temperature  of 
which  may  be  maintained  at  any  desired  temperature. 

There  are  two  known  linitaticna  in  tne  deeign  aa  outlined.  One,  the 
normal  reflected  energy  will  not  roaoh  the  oeoond  parabola  ainoe  it  will  be 
intoroopted  by  tho  sample.  Secondly,  tho  construction  of  a dotoctor  which 
iwill  have  the  aensitivity  required  and  yet  have  a short,  time  response.  An 
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anoloaod  or  ovaouatod  riitactor  ia  not  auitabla  aince  tha  dataotor  must  dateot 
ar.argy  incident  upor.  it  from  a hemiaphera. 

Slnoa  tha  fraction  of  ar.argy  intaroaptad  by  tha  aamplo  ia  vary  small,  it 
oar.  aithar  ba  oorraatad  for  thaoratiaally,  or  by  an  auxiliary  mirror  ayatam. 

Prom  raca.it  investigation  of  tha  litaratura  and  pralininary  axparinantal 
work,  it  ia  thought  that  a auitabla  dataotor  aan  ba-oonatruotad . 

In  sumnary,  it  la  baliarad  that  tha  paraboloid  raflsotcsatar  will  present 
a aatiafaotory  solution  to  tha  problam  of  measurement  of  jpaotral  raflaotivity 
of  aaaplaa  which  oannoi  ha  taatad  in  tha  haatad  aavity  raflaotcmetar.  In 
addition,  aaaplaa  whioh  muat  ba  maintainad  at  tamparituraa  ucdar  32°?  (l.e., 
snow,  ioa  and  pernafroat)  aan  ba  taatad  when  tha  paraboloida  ara  anoloaad  in 
tha  oortrollad  tamparatura  oabinat, 

A rafrlgaration  unit  and  raqulrad  aoeaaaoriaa  for  tha  oontrollad  anvircn- 
nani  aabinat  ha 70  bean  puranaaad  and  tha  preliminary  daaiga  of  tha  oabinat 
oompletad,  Tha  raqulrad  parabolio  airrcra  ha7a  baan  raoaivad  and  tha  front 
aurfaoa  aluainisad.  Aooaaaory  eptioa  ara  availabla,  Tha  optioal  ayatsa  will 
ba  daaignad  and  oon3truotad  by  September  1,  1353.  In  tha  aama  paricd  of 
tins*  a dataotor  Trill  ba  built.  It  ia  oontamplatad  that  tha  raflaotcmatar  will 
ba  plaood  in  oparaticn  by  Ootobar  1>  1333, 
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XI,  SURFAC3  SMXSSXVITY  AT  OR  ilSAS  ‘AMBIS'iT  T5MP33ATUH5 
A,  Two-Radlor.otar  Xathod 

Introduction  - Tha  r.aasurair.ant  of  aurfaoa  ami aaivitiaa  at  or  r.aar  ambient 
temporatura  (0  to  ICO0?)  is  dlffioult  baoausa  tha  anergy  arsittad  by  tha  aurfaoa 
at  thaaa  tair.paraturaa  ia  low.  Tha  two-radicmatar  method  (Thermal  Hadiation 
Project  (1948o))  waa  developed  at  tha  University  of  California  to  measure  tha 
eniS3ivity  of  aurfaoa3  at  thaaa  tamparatursa . 

Two  radiometers  (Ciar  (1340)and  Boaltar  (1945))  ara  uaad  to  measure  tha 
enlsaivlty.  Ona  radiemstar  ia  haatad  until  it  raaohaa  a uniform. constant 
temperature  about  30°?  ab073  ambient;  tha  othar  radiometer  la  unhaaiod  and, 
tharafora,  lta  temperature  la  that  of  tha  aurrour.d3.  A cample  13  rotatad 
bar.aath  tha  radlcnatars. 

By  writing  an  aquation  for  tha  nat  intarshanga  between  tha  sample  and 
eaoh  of  tha  radiometers,  tha  output  of  tha  thermopiles  may  ba  ralatad  to  tha 
emi3sl7ity  of  tha  aurfaoa. 

Tha  aanpla  tanparatura  riaa  ia  na7ar  graatar  than  5°?.j  tha  aotual  riaa 
ia  dapandant  upon  tha  anl33ivity  of  tha  aurfaoa  and  tha  apaad  of  rotation  of 
tha  3a.T.pla,  Tfiih  auoh  a small  tanparatura  riaa  it  ia  poaaibla  to  taat  aanplaa 
which  ara  aubjaot  to  datarioration  whan  haatad. 

Description  - A schematic  oroaa  aaotien  of  tha  experimental  apparatua  ia 
a hero  in  Figura  II-A-1.  Tha  dataotora  ara  ailvar-conatantan  wira  wound 
thermopiles  with  blaokenad  raoai7ar  atripa.  Tha  oaaa  of  the  radlcnatar  ia 
a aaotion  of  haa7y  wall  ooppar  tuba  with  an  outar  oaaa  of  bakellta.  Tha 
heated  radiemstar  la  wound  with  a oonatantan  wira  haatar.  Tha  placement  of 
tha  wir.dinga  and  tho  larga  thermal  oonduoti7ity  of  tha  ooppar  raduoaa  tha 
tanparatura  variation  along  tha  wall  to  a maximum  of  l/3°F,  Tha  intamal 
dimensions  of  tho  rudiomotar  ease  nra  aalaotad  to  approach  "ideal"  Planckian  - 
radiation  from  tha  opening.  Tho  thermopile  rocoivar  "soaa"  this  craning 
with  u i.oo^atricnl  chape  the* nr  of  0.103.  Tha  reference  junction  of  the 
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thermopile  le  shielded  from  tho  opening  by  a baffle  plate. 

Theoretical  Analy3le  - The  following  aeeumptlone  are  ma'dei 

1.  Tho  "hot"  radiometer  irradiates  tho  3ample  surfaos  with  tho 
intensity  C Tjj^ . 

2.  Tho  active  receiver  strip  "soes"  the  radiometer  ease  opening 
with  a goor.etrioal  faotor  of  0,165.  The  remainder  of  the 
"half-space"  viewed  by  the  receiver  is  oooupied  by  the  oase. 

3.  The  rafsrsnae  strips  sees  only  the  baffle  in  tho  radiometer 
oase. 

4i  The  temperature  rise  of  the  active  reoaiver  atrip  is  small, 

5.  Oonveotion  and  conduction  losses  at  the  two  receiver  strips 
are  equal, 

A heat  balanoa  for  each  radiometer  may  bo  written,  naglaoting  any 
multiple  reflections  and  assuming  the  reflectivity  is  one  minus  the  enissivity. 
Eeated  Radiometer 

(f)  * °a  <r. ?d-o, )iH4  * oH  »3  or?  t,4  - .H  cr?  iH4  (1) 

2 

Cold  Kadlcnatar 

* ac  <rP(l-e#)T(.4  * e0  a,  CTt  Ts4  - (<.  CT?  Tfl4  " (2) 

Jfharo 

A » Area  - ft^ 

s » Emissivlty  - dimensienlase 
P ■ Ceomstrioal  form  factor  - dimensionless 
0 » Irradiation  - Btu/nrft^ 

K * Radiometer  oonstant  - Btu/Srft^  mv 
q » Heat  flow  - Etu/nr 
T * Absoluto  tempo raturo  - °R 
V * Voltage  - mlllivo  .j  (mv) 

<T  - Stefan-Bolts-um  ecr.;t.nt  - 0.172  x 10'n  ftu/hr  °2 
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Subscripts 

C " Hadicmctar  at  anbiant  conditions 
H * Haatad  radior.atar 
s ■ Sanpla 

’ 14. 

Ths  radicmatar  constant  is  dsfinsd  as  t 
■ *HVH  - °H  - Ta4 

(3) 

?0  $>c  * Vc  * 0fl  - <r?  Tc4 

(4) 

Substitution  of  (3)  into  (X)  and  (4)  into  (2)  givasi 
%VH  - «a  CTF(Ia4  . IH4) 

(s) 

Vc  * «,  r?(rt4  - tc4) 

(6) 

aquation  (5)  nay  ba  aubtnetad  frca  (6)  and  aolvad  for  a, 
a • SCY0  * *HV3 

* O’  ?(iH4  - ic4> 


3i.niXarXy,  solving  for  I, 

, 4 4xV4 

x ./Wa  -Wc 


3 1 KcvC  - %7a 

:quation.(7)  nay  bs  furthar  air.piifiad  by  tha  ralation 


for  Ia  a Tc. 


'G  * 4 *«*  (*B  * JC) 

Equation  (7)  baooaaa 

. - KCYC  - Va 

* 4 da  - *c) 

Iha  Xaat  aquation  ia  uaad  in  oaloulation  for  siapliolty  and  aoouraoy. 

Calibration  of  JMiQMtara  - Tha  raaponaa  of  tha  tharnopilaa  ara  normally 
aaaunad  to  ba  indaFandant  of  tha  aouroa  tamparatura.  Although  thia  assumption 
ia  anti,  'notary  for  tha  uaual  applications  of  radienatara,  a mora  oxaot 


(?) 


(8) 


(9) 


(10) 


S 
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calibration  ia  required  whan  thay  ara  uaad  to  maaaura  ami33i7ity.  Slnoa  tha 
calibration  oonatanta  ara  a function  of  tanparatura,  tha  radiometers  ara 
oalibratad  with  "idaal"  radiator3  in  tha  tanparatura  ranga  0 to  200°?  (approx- 
imately) . 

Tha  calibration  procedure  ia  aa  follow* « 

1,  “Ideal"  blaoi  bedy  radiator*  ara  oonatruotad  in  aaoordar.ca  with 
eatabliahad  oritaria  (3ucilay  (1S34)), 

2,  Tha  radiercatar  ia  plaoad  beneath  or  abowe  tha  oa7ity  opening, 
depending  on  oa7ity  tanparatura,  ar.d  raadinga  ara  made  of  tha 
thermopile  raaponaa,  radiometer  case  tar.paratura,  and  radiator 
tanparatura . 

4 4 

3,  Tha  nat  radiation  of  tha  thermopile  ia  7 O'  (Tj  - Tg  ), 

whara  T^  ia  tanparatura  of  idaal  radiator.  Tha  oonatant  of  tha 

thermopile  ia  cenputed  by  axpraaaiena  analogous  to  aquations  3 

4 

and  4,  wherein  G has  baaa  raplaaad  by  7 0*1^  . 

The  thomecouplas  for  aaaauraaant  of  tha  oaaa  tenparatursa  ara  oalibratad 
with  oonatant  tanparatura  baths.  7or  tanparatura*  below  aabiant  conditions, 
baths  using  mixtures  of  ioa  and  aoatonr,  ioa  and  water,  ato.  ara  used.  Tha 
radlonstara  ara  protaoted  fren  daaaga,  whah  imaersad  in  tha  bath,  by  thin 
impervious  nenbranas  tightly  wrapped  about  tha  instrument . 

Instrumentation  - Tha  thermocouple  and  thermopile  amfs  ara  maaaurad  with 
a Leads  and  Sorthrup  Type  2-2  potentiometer  uaad  with  a Type  3 gal7anemater. 
These  Instrument*  ara  sansiti7s  to  0,3  miors7olts,  r/hioh  is  2 perosnt  or  lass 
of  tha  smallest  rsadlng  (tharmepils  output).  Tha  temperatures  ara  rafsrrad 
to  an  ioa  junotlon  and  precautions  taken  to  raduoa  stray  or  thermal  amfs  that 
might  introduce  .irrors. 

Discussion  - The  equipment  daaorifcod  will  permit  the  measurement  of  tha 
amisslvity  of  sr.ow,  ioa.  frosan  ground  and  othor  matorlala  U3ad  in  or  natural 
to  tha  nrstlc  rogior.a.  Thia  will  be  dor.a  by  placing  tho  radiomotora  and 
snnplo  in  a d-jan  fraasa  unit.  data  obtain*)  1 1.7  th<)  two-rtdiomior  r*)tho*l 
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Kill  augment  and  substantiate  tha  spectral  data  desoribed  in  3eotlon  I,  above 
Among  othara,  tha  two-radicr.ater  method  will  ba  mad  to  measure  tha 
raflaoti7it y of  tha  following  surfaoaai 

1.  Snow,  artifioial  and  natunlj 

2.  loa  - solid,  orushad,  sta.j 

3.  Firman  ground  - diffarant  typas  and  various  moiitura  ocntsnts, 

4.  Fur,  - polar  boar,  whlta  fox,  and  ermine; 

5 . Paints  j and 
"6.  JJatalj. 

3.  Saissivity  liter 

IgSSSfe8**88  * Th4  -wa-radicr.aiar  aothcd,  a,  daaoribad  in  Xi-A  ia  a 
laboratory  instrument  for  tha  ord.r  of  nagniiud.  of  aigaala  i,  a,  ,=*11  that 
undor  fiald  acndition,  tha  ,tray  aignal,  would  baoc=.  appraoiabl,  „d  giv, 
orronaou,  determinations  of  emissivity.  This  maisa  it  naoeasary  to  aithar 
taat  artifioial  aaaplaa  or  raacva  aotual  aaaplaa  from  tha  ragion  who ra  thay 
ara  indiganou,  to  tha  laboratory  for  tasting.  Although  it  ia  faaaibla  to 
=07*  a0*t  aaap1”'  Jncw  in  particular  praaont,  a problan,  ainoa  it,  oharaotar- 
iatio,  -7*ry  with  tin*  and  paat  Uatory.  Inviaw  of  this-  fact,  , field  device 
h"  l5”a  i9ai^ai  t0  =•*»«»  tha  ajaiasi-rtty  of  sample',.  -Ibis  device  ia  oon- 
atr-cotad  but  a,  yat  no  taat,  have  boon  parforaad.  laboratory  calibration 
and  u,a  will  aeon  ba  underway.  It  i,  fait  that  a thorough  abaci  in  tha 
laboratory  1,  naadad  in  ordar  that  a,  many  source,  of  error  a,  possible  oaa 
ba  eliminated  before  it  i,  mod  in  tha  fiald. 

Paacriaticn  - A aoheraatio  drawing  of  tha  baoi  foomed  optical-dataotor 
ay, tan  i,  shown  in  Figure  II-B-1.  The  first  surface  spherical  mirror  i, 
focused  on  the  receiver  and  aarvaa  to  limit  stray  energy  and  to  concentrate 
the  energy  from  tha  sample.  A .-.ore  detailed  drawing  of  tha  entire  design  is 
shown  in  Figure  II-3-2. 


The  device  consists  of  a double  walled  hohlrau.-.  for  defining  the  ir- 
radiation of  the  sample  surface  and  the' bach  foomed  detector.  The  hohlrau- 
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(or  ideal  radiator)  Is  a double  walled  cop,  or  oylindor  whioh.aay  bo  varied  in 
tonparaturo  by  tha  uao  of  various  coolants.  Fj-asant  plans  ara  to  U33  boiling 
nitrogen  and  possibly  solid  oarbon  dioxide -isopropyl  aloohol  mixture  a3  iso- 
tharmal  fluids.'  Connections  ara  providad  to  pan-.ic  circulation  of  fluids  in 
tha  Trails  of  tha  cavity  where  suah  facilities  ara  available,  i.a.,  in  tha 
laboratory.  Tha  uss  of  loir  tamparaturas  in  tha  hchlraua  slvr.tnaics  ths  arrer 
introduced  by  raflaction  of  hchlraua  ar.argy  frea  tha  samols  jurfaoa,  An 
antiaipaiad  difficulty  is  the  possibility  that  tha  surface  of  th?  aar.pla  will 
fra  are  by  tha  introduction  of  tha  large  heat  sink.  Calculations  shoe.'  this 
nay  bs  partially  eliminated  by  tha  experimental  procedure. 

Tha  mirror  and  focusing  tuba  arrangement  permits  three  dimensional  adj«3t- 
aent  of  tha  ai.-rcr  ar.d  tha  tharaopila  dateotor.  Thasa  adjustments  ara  3uoh 
that  they  may  be  easily  mada  in  tha  field  if  necessary,  Tha  optical  path  is 
shielded  from  extraneous  energy  with  an  adjustable  natal  plats,  A rafsranea 
aurfsoa  may  ba  Inserted  in  tha  optiaal  path  far  calibration  and  operation 
check.  Tha  detector  oeneiste  of  a Tire  Tcur.d  silvsr-oonstantaa  25  junction 
tharaopila  supported  by  nylon-glase  fiber  threads. 

The  satire  assembly  weighs  approximately  35  pounds  including  insulation. 
•tf- 

This- weight  is  net  believed  sxcassive  for  use  in  sneer,  Ths  dateotor  outpuc 
may  be  measured  with  a portable  potentiometer  such  as  ths  L and ~S  Typo  8552, 

Aa  stated  before,  field  tests  have  not  been  conducted.  It  is  neverthalsss 
fait  ths  instrument  will  prove  satisfactory  for  normal  field  oor.ditier.s. 

Derivation  of  the  Seuatlcna  - A radiation  heat  balance  written  upon  ths 
sample  surface  gives 

°I  ' * Ts4  + - •«>  Fsh  + ?ao  <»  * ^ 4 M 

whs  r* 
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F ■ Shapa  (or  geometrical)  faotor 
O'  * Stefan-Boltznann  ocnatont 


Subscripts 

a • sample 
h • hohlraum 

o * uppar  opening  in  hohlraum 
co  * surrounds  (other  than  hohlraun) 
r * receiver 
n * mirror 

Iha  energy  inaidant  upon  tha  reoaivsr  ia 


Or  * Srergy  lnaldant  upon  tha  receiver 

?rn"  Shapa  faotor  of  tha  receiver  with  raapoot  to  tha  mirror 
Vsluaa  of  tha  anapa  faotora  ara 
■ 0.3C3 

*a-h*  1 - ?a-0  ‘ -974 

F,-  • .0262  - . 

Subatituting  thaaa  7aluea  in  tha  aquation  for  '5r_  gives 

Or  « ff  ( .303}  | «,[tJ--974  tJ-,0262  .974  ?*+.02S2  I^j  (3) 

or 

Or  • 0-  (.303)  jas (Tj)  * .S74(i-a,)I*  * .0232 (i-a,)I»|  (4) 

Assuming  tha  following  valuaa  of  tanparatura 
T,  ■ 433°a  (23°F) 

* 160°a  (-3C0°F  - liquid  nitrogon) 

Tot*  492 °H  (32°F) 


Or  » 28.0  « j * 1.13 


19. 


_7 


Tha  expaotad  value  of  a,  ranges  between  0.90  ar.d  1.0  and  for  tha  lower  value, 
gives 

0.  • 2 o.4  Btu/r.rft^ 

which  will  give  a detector  output  of  .5  av  with  a dataotor  constant  of 
SO  Btu/hrfi2  ot. 

Discussion  - Tha  advantage  of  a low  temperature  hohlraum  oan  raadlly  fca 
aaan.  Bxaaination  of  aquation  li)  for  Or  will  shew  that  Jj,  has  approxinataly 
40  tlaea  tha  affaot  of  Ta  as  a raault  of  the  lew  valua  of  ?so)  similarly  Th 
haa  approximately  ona-tanth  tha  affaat  of  I, . Therefore,  in  order  to  maintain 
as  high  a la7al  of  aaauraoy  as  possible,  oust  be  reduced  to  a ainiaua. 
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hi,  m>J3M:33ivnv  and  absorptivity  or  3;;cy 
A.  Solarlr.eter*  and  Albedomatar’ 

Introduction  - The  S7aluaticn  of  haat  gains  and  lossaa  in  a snow  pao!< 
is  dapar.djnt  upon  an  accurate  determination  of  the  haat  transfar  by  oenvaotion, 
ocnduotlon  and  radiation.  Iha  problem  deal  not  land  itsalf  to  ainpls  oalou- 
latlons,  sir.oa  haat  flow  changes  such  physioal  propartiaa  of  tha  anew  aa 
density,  oryatal  size,  shape  and  hardness,  and  these  changes,  in  turn,  affaet 
tha  evaluation  of  haat  flow.  In  7iaw  of  this,  suitable  instrumentation  ia 
desirable.  The  albedcnetar  is  being  developed  to  measure  the  haat  gains  and 
lcasea  at  tha  aurfsoa  of  tha  snow  paob  due  to  solar  radiation,  and  the  solar* 
inatar  to  measure  transmission  of  solar  radiation  into  the  snow  pao’x  at  any 

ls7al.  ; 

A re7lsw  of  the  a7allabla  data  for  snow  transaission  gl7sn  in  31733 
Hsport  So.  4,  ra7eal*  a large  7*riation  in  tha  attenuation  coefficients 
reported.  These  efforts  of  oerrslaiicn  by  Lambert's  law  of  transaission, 

* 

haTs  nesaesarily  neglsotad  the  variables  snoountarad  in  3now.  Consequently, 
the  data  are  singularly  7ilid  for  the  partioular  snow  aoT»r  existing  at  the  .< 

tine  of  measurement.  There  sre  a large  nuaber  of  physioal  propertiee  that 
possibly  affsat  the  transmission;  the  aost  obvious,  density.  The  extinction  . 

ooafflaient  used  by  ohaaists  (Deer's  Law)  aalcas  use  of  the  ocnoentration  of 
tha  absorbing  medium.  Density  is  a measure  of  this  oonoentration.  Unfortu-  ' 

nataly,  snow  dansity  is  7ariable  and  frequently  a funotion  of  depth,  Henoe  ‘ 

tha  transmission  is  not  an  exponential  with  a linear  exponent  as  in  Deer's 
Law.  In  addition,  snow  is  a diffuse  aedium  and  orystal  structure  and  lisa  is 
also  an  important  faotor  to  be  oonsidsrsd  in  determining  the  transmissions. 

In  this  oonnsotion,  a possible  variable  that  would  assist  in  oorrelation,  is 
tha  albedo  of  tha  snow.  Tha  reflectivity  of  a surface  suoh  as  snow,  is  tha 

*Ths  namai  chosen  to  bo  doaoriptiva  of  these  instruments 

- - J 
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sum  of  the  first  reflection  frem  tha  surface  alcr.s  and  the  total  of  tha  energy 
passing  back  through  tha  surface  as  a result  of  multiple  raflaatlor.s  and 
tr3nsrissions  within  tha  snow  pack.  The  albedo  is  a function  of  transmission 
and  may  sar73  as  one  parameter  for  correlation  of  transmission  with  particle 
site.  As  a first  approximation,  or.a  might  suggest  that  tha  quantitative 
expression  for  tha  attenuation  of  radiation  in  passing  through  this  media  may 
be  written  ainilar  to  tha  expression  for  atnosphsrio  absorption  as  follows i 

0 , #-(o  + p)t 


O0  * Initial  irradiation  as  indicated  by  the  solarimater 
0 » Irradiation  at  seme  death  t 

u * A scattering  ocefficiant  which  may  be  a function  of  t 
P * An  absorption  oeeffioiaat  whioh  also  nay  be  a funoti on  of  t 
a + p « a » An  attenuation  oeeffioiaat 
t • Thickness  of  absorbing  mediae 

An  expression  similar  to  the  above  needs  experimental  verification.  Cat* 
any  reveal  an  expression  as  follow! I 

V 

An  unavoidabls,  inherent  error  in  the  majority  of  the  data  reviewed,  ha* 
been  the  necessity  for  forming  * oarity  in  the  snow  to  oontain  the  measuring 
instruments.  In  tha  majority  of  instanoee  the  instruments  used  for  measure* 
nsnta  were  either  photocells  or  Spplay  Pyrhelienatsrs , Doth  deviees  required 
ample  space  fer  installation.  The  cavity  causes  errors  in  measurement  by 
virtue  of  tha  inter-raflacticns  at  the  wells  of  the  cavity.  In  offset,  an 
imperfect  blaok  bedy  radiator  is  formed.  The  reasons  enumerated  above  led  to 
the  adaptation  of  a si Iver-oonstantan  wire  wound  thermopile  for  measurement 
of  solar  transmission.  The  characteristics  desired  of  the  dovieo  warei 


1.  Sensitivity  sueh  that  it  might  ba  uaad  with  standard  recording 
equipment  without  amplification; 

2.  Flat  for  easy  insertion  in  the  anow  without  tha  formation  of  a 
aa7ityj 

3.  Insensitive  to  radiation  from  tha  aurrounda,  i.a,,  long  wave- 
length energy; 

4.  Hugged  and  simple  for  field  use;  and 

5.  High  transmission  and  lew  thermal  aonduoti7ity. 

Ceserlptlcn  of  3«aia  Faaturaa  - Tha  aaaar.tial  elements  of  tha  ds7ios  are 

shown  in  Figure  III-A-1,  The  thsraspile  dataotor  (Giar  (1939))  ij  supported 
in  a plastla-glaas  jandwiah.  Tha  two  junotiona  of  tha  thermopile  ara  aluminum 
foil,  one  blackened  and  tha  other  white.  Tha  plaatio  oaaa  la  plexlglas  which 
haa  a low  thermal  o endue ti7ity.  Tha  different  piaoaa  ara  hald  together  arith 
brass  larews  and  aaalod  with  ailiacna  7Souum  graaaa  whioh  haj  pro7sn  adequate 
under  field  tasting.  Tha  leads  from  tha  theraopila  are  brought  through  tha 
plaatio  to  binding  pots. 

Tha  007«r  plats  used  for  all  instruments  to  data,  is  a lantern  slide 
oowsr  glass  S-l/d"-*  4".  Tha  glass  was  salaetad  for  its  transnissien  oharaoter- 
istias.  and  rapreduoibility. 

the  albadcnator  is  marsly  two  raoai7ars  similar  to  thosa  of  tha  solnr- 
laetar  fauad  so  as  to  riaw  in  opposite  dlreotiens.  Tha  aalibration  oenstants 
are  made  equal  for  tha  two  receivers;  tha  output  ia  a measure  of  tha  net 
energy  going  into  tha  anew  paok.  If  tha  two  are  read  separately,  one  measures 
iseidsnt  radiation  and  tha  other  rsflaatad  radiation.  Tha  albedometer  also 
furnishes  a rapid  and  simple  measurement  of  tha  albedo  of  foliage,  ground,  oto. 

Calibration  - Tha  instrument  was  calibrated  with  a high  intensity  lamp, 

Tha  lamp  was  sighted  alternately  with  a aalibratad  radiometer  which  has  a 
glass  filter  to  out  out  tha  long  ware  radiation  of  the  lamp  envelope,  ar.d  with 
the  jola.-imeter.  The  aalibration  constants  obtained  waro  in  the  order  of 


12  Btu/nrft2 


IV/ a 


23. 


1 


Thaoratlcal  Considerations  - Iha  baslo  idea  of  this  darioa  is  slinilsr 
to  that  of  tha  Spplay  Pyrhalioaatar.  Iha  blas'xar.ad  jur.otion  haa  a high 
ardsai7ity  and  absorptivity  to  all  wavalsr.gths  of  anargy.  Iha  whits  junotlon 
idaally  is  highly  raflaotant  to  solar  radiation,  but  ha3  thi  Sana  oharactar- 
istios  as  tha  blso'xanod  strip  for  all  eihar  radiation.  Thua,  in  tha  ahort 
rravslan^th  (solar)  ragien,  tha  whits  rsoai7ar  rsflaets  salt  of  tha  anargy 
whila  tha  blaakar.sd  atrip  absorbs  a larga  psroontsga  of  tha  anargy.  Both 
absorb  squally  brail  in  all  othar  ragions  of  tha  apaatrua.  Consaqusntly,  tha 
inatrunant  is  39nsiti73  to  solar  radiation  and  insansiti70  to  long  wavs  radi- 
ation. 

Tha  following  ta'ols  laaluda3  tha  synbols  srhioh  will  ba  usad  haraim 
V » Iharaopila  output  - 37  (sq.  S) 
t ” Cacnatriaal  shapa  fiator  - (sq,  12) 

0 • Irradiation  - Sfcu/nrfi* 

X * Ihamopila  0 oust  ant  - Btu/arftV37  * (aq.  7) 

1 » length  - ft  (sq.  1) 

8 • 3ffs«ti79  rsflaati7ity  of  a nadiun  or  ocnbination  of  aadia 
(aq.  11) 

. S « Tanparatura  - °3 

▼ a Iharaeslsotria  porar  par  junotlon  - srr/junotion  - (»q,  5) 
h * Saab  transfar  ooaffisiant  - 3tu/irftJ  °?  (aq.  1) 
ir  • Ihornal  oor.duatiTity  - Btu/r.rft  ®?  (aq.  1) 

'a  * Xua'oar  of  junoticas  (aq,  3) 
r * Ssflaqtlviiv  of  a surfaoa  (sq.  9) 
t ■ Irar.snissi7ity  of  a nadia  (sq.  9) 
c * Absorpti7ity 
<a  * Diffarsnoa 

C * Stafar.-Boltsaar.n  constant  * ,173  x 1C"®  3tu/r.r  c3 


t 

3 


i 


J 
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Subscripts 

L » Long  v*a7e  length  (ion  temperature) 

3 * 3hort  nave  length  (a  alar) 
a * 3il7er 
o * flonetantaa 
W - nhiie 
B • Black 
B • Homing 

A ■ Jtabiant  temperature 

Theraoslls  Calibration  Constant  - Consider  a thersopile  exposed  to 
lnoident  energy  3. 

A heat  balaaoe  say  be  written  upon  the  reoei7sr  strips  as  follows  I 
0(aa)3  * <T  JHV)t  - AT  Orff  - turf  * ^(I3  - V 

+ TZ  ~ W fin  -%>  +»(Ib-»a) 


♦ h(iA  - V _ 

The  aboTe  equation  is  based  on  the  following  as  sumptions > 

2.  1,  * oonstant 

3.  Ij,  * oonstant 

4.  nnj  ■ oonstant 

5.  nc^  * oonstant 

6.  The  shape  faator  of  tho  ds7ioe  is  equal  to  unity 

If  it  is  further  assuned  that  (haj^  ■ 0 or  z^  » cjg  ■ a^#  equation  (1) 
beoosee 


(1) 


4 4 j "* 

C(Aa)3  * C aj/Tg  - T yf  ) * + -jj  * h 


3 

4 

~{i 

' 


lh  - %) 


(2) 


J 
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A usual  simplification  la  mods  when  Tg  — as  follows  (sea  aquation  !),  soetton 


(*B  * T,.r)3 

— I 


(Tfl  - T») 


(3) 


Substituting  aquation  (3)  into  aquation  (2)  yialds 

0(ia)3  (T3  + T*)3  *y~  * -jj  + hj  (?g  - ?*)  (4) 

Tha  output  of  a thsraopila  is  dafinad  as 
V - nv(?3  - ?„) 

Thua 

h * 13  • **  w 

Tharafora  aquation  (4)  now  nay  ba  writ  tan  as 


a^a  ’ h Jtt5  <t3  + V* + r2-  * t * hJ 


Which  is  tha  fora  of 
0 * 37 

whars 


(3) 

(7) 


K'"H7lI3Jj[-r^<T3  + Isr)3  («) 

* oalibratlcn  aenstant 

Cenpariaon  of  aquations  (1),  (7)  and  (3)  Trill  show  that  tha  assumption 
of  aqual  ler.n  wavalangth  asdsaivitias  for  both  raoal7cr  strips  is  a aritioal 
point  in  tha  analysis)  from  our  study  of  tha  literature  we  find  that  this 
point  has  boon  tacitly  assumed  or  implied  in  tha  dasoriptlons  of  r.ost  solar 
radiation  nioasuring  davioas. 

Also  oquatio.n  (3)  rovaal3  that  K,  tha  calibration  constant  will  vary 
with  temperature  since  7,  k3  ana  !c0  vary  with  temperature,  Cur  oxporieneee 
with  the -rcelee trie  devicoe  nas  indicated  that  tr.is  variation  .-.ay  be  appre- 
■tt able  whin  tha  device  is  callhrit.i.1  at  or  near  nor-.el  n-.biunt  oecperatiirc 
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(jay  70°?)  and  usad  at  or  balow  freasing  tamporature.  This  variation  in  X 
should  ta  astabliahad  before  pracisa  avaluatier.3  of  solar  irradiation  oan  ba 
affaotad.  This  i3  onothar  point  that  has  baan  traatad  lightly  by  usars  of 
solar  radiation  measuring  davlcas. 

Sffaot  of  ?lastlo  Cass  - Tha  ar.clcjurs  of  tha  thsrmopila  will  affsot  ths 
dataot or  output.  Tha  oallbration  method  usad  aenpanaatas  for  this  affsot. 

An  analysis  of  tha  magnituda  of  tha  lnfluanas  is  mads  at  follows , 

Idaaliaa  a systam  of  two  plan#  transmitting  diffusa  madia  with  tha  tharao- 
plla  batwaan  (3aa  Flgurs  III-A-2). 

Tha  walua  of  to  2 intaraaptad  by  tha  thermos! la  is  from  tha  *b07t 
figurai 

°1  to  2 * 0(r--r-1~) 

Tha  materials  uaad  (Flaxiglas)  ha it  total  raflaoti7itiaa  of  tha  ordar  of 
S paroant  and  total  transaissl7itias  of  90  parsent  for  solas  anargy.  Tharsfor* 

to  2 * . 

■ .923  0" 

Tha  affsot.  from  a ohanga  in  transmission  of  tha  vppor  surfaoa  oan  b« 
aaan  to  hats  a serious  result  upon  tha  aeasured  7tlues.  Tha  transmission  has 
no  affsot  if  tha  valus  is  tha  a ana  for  tha  oallbration  aouroe  and  tha  aouroa 
that  ia  being  measured,  A similar  reasoning  applies  to  raflaotivitia* , If 
tha  raflaotiTity  of  tha  upper  surfaoa  ia  ia7ariant  and  of  tha  ordar  of  5 
paroant,  ohangaa  ia  tha  rsflaoti7ity  of  the  lower  surfaoa  h»7a  little  or  no 
affsot  upon  tha  value  of  Ojj* 

Sffaot  of  Ca7lty  - As  waa  pointed  out  prs7iously,  a oavity  must  be  formed 
in  tha  sr.ow  to  contain  the  measuring  instruments . Tha  oa7ity  oaussa  errors 
in  measurement  due  to  tha  inner  reflections  within  tha  oavity.  This  effect 
may  be  approximated  by  two  mathod3.  The  first  prccodu.-a  is  similar  to  ths 
proceeding  analysis  (Figure  III-A-? ), 


lha  valua  naaaurad  by  tha  aolariniatar  ifl  Gj  g 


<?J.to.2 


" 0 tj 


rl  a23 
1 ' rl  *23. 


(10) 


whara 
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- r2 


H Ti 

1 * r2  TS 


(ID 


Assuming) 

tj  • 0.20  - 

r2  ■'0.03- 
r3  ■ 0.30 
» 0.30 

^L*2_l  » 1.213  tx 

Tha  value  whioh  ia  dasirad  1 1 t3  actual;  wheraaj  tha  neaiurad  value  1> 
1.213  tx.  This  siaplifiad  analysis  demonstrates  that  values  much  larger  than 
tha  trua  transmission  say  ha  measured  due  to  tha  interriflaoticna  between 
tha  instrument  and- tha  c»7ity  jvu’facas.  “ ' - - 

„ Tha  asoond  method  partially  explains  tha  rsduoed  effsot  from  plaoing  tha 
uppar  aurfaoa  of  tha  jolsrimstsr  ia  aontaat  with  tha  (sow. 

A faotor  ? ia  easumed  which  by  dafiaitica  ia  tha  ratio  of  enargy  that  ia 
inoidaat  upon  tha  oavity  lever  surfaaa  to  that  which  antara  tha  oavity.  Ihara 
fora,  by  multiple  raflaotiana,  tha  fractica  of  tha  total  aaargy  inoidaat  upon 
tha  lcwar  aurfaoa  i a from  Figure  IIT-A-3) 


? * (1  - D r»  P8 
1 - r2  ?(1  - ?) 


(13) 


Tha  energy  lnoidant  upon  tha  lower  aurfaoa  of  tha  oavity  approaohea 
? aa  7 -a  1.  Tha  fraotion  ? oan  only  approach  1 if  tha  cavity  ia  small. 
31noo  tha  solarimatar  intercepts  only  a part  of  F,  tha  idaal  easa  would  bo 
a point.  This  is  impracticable.  but  tha  optimum  praotioabla  limit  would  ba 
a eavity  t a sane  sito  as  tho  solarlrotor.  inserting  tha  instrument  in 
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ths  mow  without  orsatir.g  an  unnecessary  void,  about 'it. 

Results  of  Field  Tests  - Fisld  tasts  wars  oonduotad  at  tha  Central  3iarra 
3now  laboratory  during  tha  months  of  liarah,  April,  sr.d  a portion  of  May,  3now 
oonditiona  were  not  idaal  ainoa  this  was  a malt  paricd  and  l larga  amount  of 
fraa  watar  was  praaant  in  tha  anew.  Iha  flat  uppar  aurfaoa  of  tha  instrument 
did  not  parait  tha  watar  to  drain  proparly.  Iha  data  obtainad  wara  primarily 
uaaful  in  datamining  flald  performance.  Tha  glaaa  to  plaatia  aaal  waa  a 
aouraa  of  trouble,  Leakage  of  watar  into  tha  instrument  affaatad  tha  thsrmo- 
- pila  and  davalopad  arrsnaoua  raadingi.  A alliaa-gal  drying  agant  holdar  waa 
providad  in  aash  davioa,  but  thia  waa  only  suffioiant  to  maintain  a low  watar 
7apor  ooniant  and  not  to  absorb  th*  watar. 

Tha  instrument  waa  plaoad  in  tha  anew  by  t*»  methods.  Tha  first  waa 
marsly  dirsot  inaartlon  into  tha  anew,  i.a.,  mow  aentaotiill  aurfaoaa.  In 
tha  othar  mathed,  a small  oavity  waa  mads  in  tha  anew  and  tha  inatruaant 
rested  on  the  bottom.  The  indioated  transmission  of  the  ease  enow  cover  waa 
approximately  2 tinea  aa  great  by  tha  aaeond  aathed  than  by  tha  firat.  Thia 
la  attributad  to  the  oavity  or  inter-rsflaotion  effaot. 

The  preliminary  work  indicates  that  inaartlon  of  an  unohillsd  inatrument 
la  the  enow  ie  not  aatiafaotory.  Tha  mew  on  tha  uppar  aurfaoa  of  tha  instru- 
ment melts  and  refreeaes , Tha  Treating  affaot  ia  aliainatad  by  pre-shilling 
the  instrument  to  approximately  enow  temperature  before  inserting  it  in  the 
anew. 

Ultra  wart  aeveral  observations  ,of  a suddtn  inoreaae  in  raoordsd  output 
in  tha  positive  diraotion  during  the  early  morning  hours;  thaae  cosurrsd 
batwean  midnight  and  3 iU  and  lasted  for  approximately  one  hour.  Tha  output 
record  would  suddenly. inoraase,  unlike  a heating  ourvs,  to  a value  of  0,3  to 
1,0  nv  and  remain  constant.  At  the  end  of  an  hour  or  so,  tha  record  would 
slowly  daoreasa,  similar  to  an  exponential  cooling  curve.  Much  thought  has 
bean  gl"  n to  this  action  and  an  attempt  will  bo  made  to  duplicate  it  with  n 
doop  free 2a  unit  so  as  to  determine  the  pcpaible  cause. 
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Bapraaantativa  raaulta  of  tha  aforamantior.ad  fiald  taata  aro  tabulated 
balow.  Ihaaa  ara  praaantad  to  illuatrata  tha  sagnituda  of  tha  raapor.aa  in 
milli7olta  and  to  dsacnatrata  tha  practicability  of  tha  inatrusant.  As  notad 
pra7iouily,  tha  oor.dltiena  of  tha  tait  wars  not  ldaal  and  tha  raaultj  gi7>n 
ara  pralininary  in  mtura,  Contaaplatad  plana  ara  to  obtain  data  undar  sora 
auitabla  aonditiona  with  a nora  ocnplata  kncwladga  of  tha  variablaa  la7ol7ad. 


DATA  03TAI.N3D  AT  C3NT3AL  3I333A  3SCT  LA30HAT03Y 


Data  Tina 

Boplay 

Pyrhali- 

caotar 

3tu/arft2 

Sola r- 
iaatar 
So,  4 
Btu/V.rft3 

3olar- 
isaiar 
So.  1 „ 

3tu/irft3 

Paroant  I 
Baaed  on 
Solarisatar 

a 

BszarkJ 

4/1/53  1443 

130.3 

142.1 

11.3 

3.1 

Light  oloud 

1430 

121,3 

133.0 

11.3 

8.3 

oo v®r 

13C5 

133.9 

138.0 

12.0 

7.2 

1320 

149.0 

133.1 

13.0 

3 a 3 

1333 

129.4 

182.0 

10.8 

8.8 

1/V*3  1335 

237.0 

330.0 

19.4 

3.9 

Bright  aunahine 

1430 

230.5 

287.0 

14.4 

3.4 

1345 

130.2 

214.0 

12.7 

S.9 

t/4/^3  13 CO 

3CO.O 

317.0 

30.3 

9.7 

3righi  aunahina 

1313 

213.3 

320.0 

30.3 

9.8 

1320 

83.3 

83.1 

10.5 

13.3* 

Light  olouda 

1840 

23.9 

31.8 

4.9 

15,5* 

Shada 

1830 

21.9 

22.3 

3.3 

18.3* 

Cloudy  and  shew* re 

17CO 

14.7 

14.3 

2.4 

18.2* 

Cloudy 

Constanta)  10  ^motion  Spplay  Pyrhalieaatari  2 .30  aT/gs-oal/ain/oa2  or 

83.1  3tu/irft3  ar  - 

Solarisatar  So.  It  14,3  3tu/arft2  S7 

Solariaatar  No.  4»  9.6  Stu/srft2  37 

•All  saaauramanta  oonduotad  at  a ltTal  of  4 inohaa  of  anew  abo7a  tha  inatru- 
aant,  axoapt  for  tha  laat  four  saaaurasanta,  which  war*  at  a 2 insh  lawal. 


In  addition  to  tha  abo7a  data,  pointa  war*  piokad  off  of  tha  ohart  roll 
whan  tha  aolarlsatar  was  plaoad  at  307aral  dapths  in  tha  aasa  anew  bank.  A 
plot  of  thaaa  data  ra7aal  a "trar.d"  toward  an  axponantial  funotion  although 
thara  waa  eonaidarabla  scattering.  Howa7or,  it  ia  fait  that  a rafir.ar.ant  of 
techniques,  nora  ocnplata  knowlodyo  of  tha  variablaa,  and  lmprovarar.ta  in  tha 
sonaing  olaranta  will  porrit  tha  experimental  evaluation  o.f  an  attenuation 
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ecafTleiant. 

Diacuaalon  of  Sensing  Slamant  - Tha  prasant  daaign  employs  flat  vrhita 
paint  and  flat  blaok  paint  for  tha  reoai7ar  strips . This  haa  not  provan 
satisfactory  bacau3a  thjaa  paints  do  not  hava  idantioil  3p«otral  oharaotar- 
'istics  in  the  long  wavs  region,  -and  as  haa  baas  pointed  out,  thia  ia  tha 
bajic  assumption  upon  which  tha  operation  of  thaaa  instruments  ia  predicated. 
Shan  tha  long  -wits  amisslvity  ia  different,  tha  instrument  rsapends  to  changes 
in  oaaa  temperature  as  well  a*  short  wa 71  radiation.  Sxperimental  wo rk  ia 
new  being  aenduotad  to  develop  aoatinga  with  bettar  spectral  characteristics, 

Anothar  source  of  difficulty  ia  tha  glass  to  plastia  aaal  of  the  cover 
plate,  To  data  afforta  to  obtain  a water-tight,  temperature  resistant  sasrl 
have  been  unsuooessihil , X change  fro a a glass  to  a plastia  cover  has  been 
contemplated  and  will  ba  made  if  a saal  is  not  found. 

It  should  ba  notad  that  tha  sensitivity  of  tha  solarimeter  ia  approxi- 
mately two  and  cna-half  times  that  of  tha  50-Juntica  Sppley  Pyrhalicnatar 
(12  Bt-u/brft*  snr  as  contrasted  with  23  Stu/irft2  ar). 

Tha  response  of  tha  present  instrument  'as- a function. of  angld  has  taan 
measured.  in  example  is  shewn  in  Jhgura  III-JL-4.  Tha  response -is  not  tha 
dasirad  ocaina  funoticn.  If  a hemispherical  oover  is  usad  rather  than  flat 
glass,  tha  ooaiaa  rsaponsa  oould  ha  approaohad  to  a greater  degree,  but  than 
tha  aas*  of  planing  ths  instrument  in  a snow  bank  will  ba  loat.  The  latter 
feature  is  tha  aora  important  due  to  tha  trrors  inherent  whan  a hole  must  ba 
dug  in  tha  snow, 

4 

The  instrument  ia  subject  to  fluctuations  whan  gusts  of  wind  oool  tha 
case,  is  described  above,  tha  laliatica  of  satisfactory  receiTtr  atrip 
materials  will  aliminats  the  instability.  When  this  dafsot  is  correctad,  tha 
instrument  may  be  usad  in  tha  open  in  tha  jams  manner  as  tha  Sppliy  Pyrheli- 
emetar. 

The  tr anemia slvity  of  tha  device  h-is  bean  toetad  ar.d  a near.  value  of  2C 
p-roant  for  tho  vi3ibl-j  region  w*\s  date rmi r.u  i . This  viluo  is  of  the  order  of 


31. 


nagnituda  of  praricuj  najaurmants  of  transmission  of  1 to  2 irsohaj  of  3ncm, 
Cor.saquantly,  tha  affset  of  inJtru.-r.ant  absorption  upon  tha  surrounding  snc* 
is  small.  Similarly,  tha  conduction  affaot  is  n agligibla  ainoa  tha  thermal 
ocnduotirity  iJ  approximat aly  0,1  3tu/Sr  °?  ft, 

Future  PaTclacaant  - Tha  primary  difficulty  of  tha  instrument  at  tha 
present  time  ii  its  sarjitiTity  to  aabiint  temperature  changes  , Aj  noted 
previously,  a program  is  ncm  undar  may  to  obtain  sore  suitable  racil7e?  as* 
tariils.  In  addition  to  thiJ,  a tasting  program  has  bean  ouilir.ad  to  d sts.-mi 
othar  possibli  diffiaultiis . This  program  is  aimed  atr 

1.  Isprcring  the  angular  response; 

2.  Ascertaining  ths  affcot  of  tampareture  and  temperature  gradiiataj 

3.  3eouriag  a poaiti7t  saal  at  all  joints j 

4.  Isprcring  cue  dasigni  and 

5.  Betaraining  tha  ora  a tha  ring  affaot  upon  plastic, 

This  mork  rill  ba  oonduotad  during  tha  a 'maser  of  1953  and  tha  impremed 
Instrument  mill  ba  taatad  during  tha  forthcoming  Tristar.  Tha  tasting  of  tha 
dariaa  undtr  fiald  conditions  is  naturally  tha  bast  end  only  trua  taat  of 
performance . 

JLoknomladgeaest  - Tha  fiald  tasting  mas  oonduotad  by  TTilliaa  H.  Parrott 
of  tha  Central  Sierra  3now  Laboratory.  His  suggestions  and  laaistsnoa  hare 
bean  of  grant  ralua. 
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Description 

Photograph  of  haatad  cavity  raflaatcmater  equipment 

Sohamatia  diagraa  ef  optlaal  ayataa  for  tha  haatad 
oa7ity  raflaatcmetar 

Sohanatia  aroaa  aaatiaa  of  haatad  a»7ity 

Photograph  of  sample  holder 

Sohamatia  oroaa  aeotion  of  sample  holder 

(Pigurai  I-A-S  through  31  ara  apaatral  raflaotivity  or 
rsflaotanae  aurraa  from  1.0  to  13.0  adareaa) 

Phoaphor  brense,  polished 
Ko7sr,  poliahad 

Molybdenum,  poliahad 
Ziao,  poliahad 

Copper,  poliahad 
Si  eke 1,  poliahad 

Aluminum,  poliahad 
Aluminum,  ucpoliahed 


I-A-9 

Aluminum,  roughanad  (SO  aiaro-inohee) 
Aluminum  foil 

V * 

'J  7 

I-A-10 

71at  blaolc  paint  (Boyten  So.  11)  on  roughened  aluminum 
Aluminum  foil  vith  vinyl  ahlcride  aeating 

^ - 
K 

I-A-ll 

Plat  blaolc  paint  (Boyaen  So,  11) 
OalTsnieed  iron 

1 ' 

I-A-13 

Black  bhkalite 
Siahrcaa,  fophat  A 

; 

I-A-13 

Blaolc  Qlyptal 

- ' 

I-A-l* 

Had  Olyptal 

I-A-13 

Clear  Clyptal 

I-A-13 

Had  Pedigree,  proteotive  aealar  (?,0,  George  Co.) 

I-A-17 

Clear  Padlgrae,  proteoti7a  easier  (P.D.  Oaorge  Co.) 

I-A-18 

Magnesium  oaida  on  polished  aluminum  base 

I-A-19 

Magnesium  omida  on  flat  black  paint  base 

I-A-3 0 

Titanium  diomida,  thin  sample 

J 


Figure  Ho, 

I-A-l 

I-A-2a 

I-A-2b 

I-A-3 

l-A-4 

I-A-S 

I-A-3 

I-A-7 

I-A-3 
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Flyura  Mo , 
I-A-21 
I-A-22 
1-3-1 
1I-A-1 
11-3-1 

11-3-2 

111-A-l 

lll-A-2 

lll-A-3 

lll-A-4 


Daaorlptl on 

Tltanlua  dioxida,  thialc  s'anpls 

Flat  whits  paint,  Fullar  Daoorat 

Sahaaatla  dlajraa  of  paraboloid  rsflaotesatar 

Sohaaatia  dlajraa  of  two  radicaatar  aquipaant 

Sahamatia  dlajraa  of  optiaal  ayatoa  of  tha  anew 
aaiaalTlty  aatar 

Sahsaatia  drawinj  of  tha  snow  aaiJJiwlty  aatar 
Zxplodid  Tlaw  of  tha  jolarlaatar 
Biffuaioj  sadi\a  ray  dlajraa 
Diajraa  of  aawlty  lntar-raflaationa 
Cotina  rsipenss  of  jolarlaatar 


37, 


% REFLECTIVITY 


40, 


“7 


Fijiur,  I-A-5 


REFLECTIVITY-  PERCENT 


POLISHED  COPPER 
' — 0.017"  THICK,  BUFFED 
0.021"  THICK,  8UFFED  a ALCOHOL  WASHED 


■naan 


9B 


2 3 4 3 8 7 8 9 10  II  12  13  14  15 

WAVELENGTH  — MICRONS 


NICKEL 

POLISHED,  0.019*  THICK 


■s  meaesm 

■BBS 


2 3 *♦  5 ft  7 S 9 10  II  12  13  14  IS 

WAVELENGTH  - MICRONS 


FLAT  SLACK  PAINT  , 0.003"  THICK 

ON  POLISHED  ALUMINUM,  ROUGHENED 
0,032"  THICX  (roughnau  approx.  SO^I.iohai) 


SSisSsSSfiESi 


•2  3 4 5 3 7 

WAVELENGTH  — 


9 10  II  12  13  14  15 

MICR0N3 


COATED  ALUMINUM  FOIL 

• 0.001*  THICX,  COATING'  VNCH  (Satelita  Carp) 


BBSS 


in 


isam 

HUH 


SHE 


esHUoi 


2 3 *t  a e 7 8 9 10  II  12  13  14  I 

WAVELENGTH MICRONS 

Figurs  I-A-10 


REFLECTIVITY 


2 3 4 5 6 7 8 9 10  II  12  i; 

WAVELENGTH MI0H0N3 


Flgu.-a  I-A-13 


RED  GLYPTAL 
0.004  INCHES  THICK 
ON  POLISHES  ALUMINUM 


RED  PEDIGREE 
0.003  INCHES  THICK 
ON  POLISHED  ALUMINUM 


REFLECTANCE 


~ 7 
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CLEAR  PEDIGREE 

0.010  INCHS3  THICX 
ON  POLISHED  ALUMINUM,  0.022*  THICK 
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WAVELENGTH MICRONS 

Flyura  I-A-17 


15 


1 


% REFLECTANCE 


MAGNESIUM  OXIDE  WITM-LOW  REFLECTANCE  UNDERCOAT 

• 0.040"  TNck  Ovar  .003"  Thick  Plot  Block  Sosa  Cooling  OnPuIbhid  AN 
4*0.003"  ><  11  11  ti  11  11  11  11  ii  H 11 


BBB8BBB 

■umBH 


gam 

■nBB 


2 3 


~1 


PARABALOIO  MTRRORS 
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TO?  VIEW 


SIDS  VIEW  OF  PARA3AL0I0 


SCHEMATIC  DIAGRAM  OF 
PARA80L0ID  REFLECTOM  ET  E R 

r'l/uro  t-0-1 


MIRROR  ADJUSTMENT 
ASSEMBLY 

NYLON  STRING 

THERMOPILE 
ADJUSTMENT  SCREW 


THERMOPILE  SHIELD 
THERMOPILE  FRAME 
UPPER  CYLINDER 

LOCK  HUT 
SHIELD  SUPPORT 

LOWER  cylinder 
PIPE  PLUG 


LOWER  CYLINDER 
SUPPORT 

HOHLRAUM 
TUBE  FITTING 
RING  FLANGE 
BASE  RING 


SNOW  EMISSIVITY  METER 


EXPLODED  DIAGRAM  OF  SOLARIMETER 


COVER  PLATE  (GLASS) 


80LARIMETZH 


7RAN8MITTIM9  MEOIUU 

Fraction  of  onorgy  Incldont  upon  !ow*r  ourfac#  (2)  !*•••• 

« F + (l-?)?2r2  + U-F)2fV  + (l-F)3  F4r9  — 
• F+  (1-F)F2r2  0 + (l-F)Fr2+tl-F)2F2r4 


l-F 


OBSERVED  RESPONSE  vs.  SOURCE  ANGLE 
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Error  In  Reflaotiwity  Measurements 

fha  rsflaotivity  (or  raflaotance)  maosuramanta  ora  subjaot  to  errors 
lntrcduaad  by  amission  from  tha  3ample.  An  ostimata  of  tha  magnitude  of  tha 
error  may  ba  mads  as  follows i 

3a  * * hi) 

3b  * p<3AH'rs  * *ahG  * ^l) 

where 

3^  * Eaaordar  daflsation  whan  wall  of  oawlty  la  yiewed 
8b  • 2aoordsr  daflaation  whan  aanpl a oawity  ia  yiawad 
? * Proportionality  constant  between  anargy  and  daflaotion 

I » Zfcaissiya  power  Btu/nryU 
r * BaflaotiTity  or  refleetanae 
« ■ 2ai33i7ity  or  eaittanoe 

aubaoript* 

H « Hchlraum  (idsal  radiator) 
a • Sample 

A * TTayslangth  - aiorcns 
1 » Datum  le7sl  for  energy  interchange 

a * Measured 

The  measured  refleoti7ity  is  the  ratio  of  to  Sa, 

. 3b  _ ^3  rs  + ®i  hs  ^r 

r»  *7  WTa 

Assuming  that 


then 


s 


• . r3<rx;!  -s-X3r-*-CSxa  -Ai) 

r“  EX!!  - SX1 

- r SXK  " ^a  - ^1 

8 ‘\H  - E\1  EXH  - &X1 

. ~ Exi)  * ^a  ' hll  ♦ 

r“  exh  * *xi  'exk  • h.v 

The  error  in  the  reaauranant,  rs,  nay  be  defined  as 


r«  - r-  * or 


* (1  - r,)  & 2ii) 

ExH  * Exi 


Tha  magnitude  of  thia  arror  at  15  nioroni  Kill  he  oaloulatad  for  sample 
tanparaturos  of  ICO0?,  2 CO0?  and  300°?,  aaauning  th*  datum  for  exahanga  ia 
70°?  (SX^)  and  a hohlraua  tamparatura  of  14C00?.  Tha  maximal  error  Kill 
ooour  for  1 - r,  * 1 or  r4  * 0. 

A,  Sanpla  Tanparatura  ICO0? 

Sj^jj  « 1570  Btu/V.r at  15 and  14C0°?  (Ihar-.jl  Hadiation  Project 

■ “XH  * 7>30  Btu/^ir/iOat  15/i,ar.d  ICO0?  (Thermal  Radiation  Projaot 
* " " ' - (1950) 

. *"  __  . 

B\i  * 6,24  Btu /hr  ai  at  lo/»~and  70°?,  (Thermal  Radiation  Projaot 
' • (1950)) 

*raax  * (r,  ’ 0) 

- Exh  * °X1 


B,  3arpla  Tanparatura  200°? 

3an«  aa  soots  hut, 

B.,  * 12,3  Btu/V.r,u  at  15 >u  ar.d  200°?  (Thermal  Radiation  Frojoct 

7 ' (1950)) 


‘max  1662,5 


6 0 • 


C.  Sample  Temparaturo  300eF 

* 17.9  Btn/tir^a  at  lSyu  and  3CO°? 

a,  . U.S6 

rnas  TssITF 

* ,C07 

Caloulatlon  of  Sample  Temperature 

Conaidar  tha  aampla  disk  orlth  a paint  coating}  a unl-dimanaional  haat 
balanos  may  ba  writtan  upon  the  aampla ( 

4 ..  '*> 


I'tjC TH4  - a,  CTT,4  U £ (T,  - I2)  » h(T„  - T:) 


arbors 


^ « Hast  floor  through  tha  aampla  - Btu/irft^ 
I • Teaparatura  - °E 
a » Absorptivity 
« • aaiaaivity 

- I- ».ThioJaass' *~fa«l  - 

v ~h  * Ea»t  .Transfer  ooaffioiaht  - 3tu/^ir  °?  ft^ 
Subaoripta 

a « Saapla 
E • Hohlraua 

1 • iJatar  aids  of  metal  basking  diao 

2 • Coating  aids  of  metal  backing  dies 

w » Tfatar 

Evaluating  tha  first  term  for  TH  • 1400°?,  I,  * ICO0? 


4 4 

C a,  Tjj  - a,  T,  « .172 


0,(119, SCO)  - e, (931) 


A33uno 
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°a  ’ aa  * 1 

^ • ,172  [119,600  - 98 1] 

- .172  [118,619] 

» 20,400  Btu/ir 

Tha  wotar  aida  tamparatura  diffaranoa  la  of  tha  ordar  of  20°?  (rcaaaurad). 
Tharafora  tha  natar  haat  trar.afar  ooaffloiant  in 

h - (|)(t*  - Tj)  -^£0 

- 1020  3tu/irft2  °? 

Tha  tanparatura  of  tha  aurfaca  nay  ha  aatiaatad  hy  uaing  aaaumad  valuaa 
of  tha  tharaal  ooaduati7lty  of  painta  and  tha  oorraapondlng  thioknaaaaa . 


ka 

<3tu/hrft  °?) 

L. 

in. 

T.  -T2 
(°?) 

V 

(°?) 

.1 

.CCS 

85 

165 

.010 

170 

250 

.2 

,005 

42.5 

122.5 

.010 

85 

165 

.4 

.005 

21.5 

101.5 

.010 

42.5 

122.5 

Sanpla  oaloulation 

iij  » 0.2,  Lj  * 0.0C5  lnohaa 

i *17  <Ta  " T2> 

Ta-J2  ■ <$)/<Jji) 

* (2C,400)/(-^) 

(20,4C0)( .005) 

* C.TJTTT5 

* 12d£2  * .5°? 

480 

T3  >42.5  ♦ UO  « 122 .5°j’ 
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Calculation  of  emlaalvltlaa  and  abaorptlvl tlaa  from  apectral  reflectivity  data 
A,  Emiaaivity  of  flat  white  paint  at  60°?. 

Tha  apaotral  raflaotlvlty  of  flat  white  paint  la  allow.  In  Figure  I-A-22, 
For  purpoaaa  of  illuatratlon  tha  data  for  a thieknaa3  of  0.0C4"  will  ba  uaad. 
Tha  raflaotlvlty  of  a aurfaoa  la  daflnad  a3 
/-o 

*o  , 'o 


(D  r03 

\ ^ h *■ 

0 - * O 

7® 

! ^ A 

» n 


whara 


r • Hafliotl7ity 

Ej^  * Enlaaiva  powar  at  wavelength  X - Btu/br  nioron 
X « *a7t length  - ml arena  (^u) 

T • Abaoluta  temperature  - °3 

O'  • 3tafaci-3oltsnann  oenatant  » .172  x 10-8  Btu/hr  °H4  ft2 
Tha  above  aquation  may  ba  aodifiad  for  oen7»niance  of  oaleulatien  to 
rco  ^ 


-[% 

• O 


<r  t* 


■ d(XT) 


Valua3  of r oan  ba  raadlly  oemoutad  from  tha  PlanoJcian  diatribution  of 

C 1°  * 

thermal  energy*,  numerical  or  meohar.ieal  intagratlon  of  tha  preduot  r\  ...  T 

<Ft5 

73  XT  yields  tha  rafiaeti7ity  at  th«  temperatura  T.  Thualy, 


rabul'ifcod  vuluQ'i  o f fchii  quantity  ara  to  bo  published  aeon  by  H.  V,  Dnn’clo 


0 

.001 
.005 
.0194 
.05 
.12 
.21 
.42 
.72 
1 .04 
1.53 
2.13 

2.73 
3.52 
4.20 
5.07 

5.73 
3.57 
7.33 
3.12 

3.73 
9.40 

10.00 
10.54 
11. CO 
11.30 
11.70 


0 

.0041 

.00173 

.0063 

.0040 

.0125 

.0130 

.084 

.221 

.345 

.432 

.650 

1.31 

1.695 

1.610 

.294 

.361*" 

.433 

.906 

1,10 

• 615 
.620 
.660 
.636 
.5S4 

• 615 

1.10 
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Performing  the  above  integration,  gives  a value  of 
rlS/U 


Ex 


!/U 


rv  — d(\T)  • 0.057 

* (TTO 


The  energy  remaining  from  15^u  to  co  ia  approximately  47  percent  and  as  an 
approximation  tha  reflectivity  from  13^u  to  co  may  be  aaaumed  to  be  0.10, 
This  yields  a value  of  r * 0.104. 

r15/* 


V 


!\  3,  d(XT) 

*•  cr  to 


0.057 
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d(XT)  - ( .1)(  .47)  ■ 0.047 


r - 0.104 

As  noted  in  the  body  of  tha  report,  Seotion  I-A,  a X3r  prism  will  bo 
available  soon.  This  will  permit  measurements  to  be  made  to  25^u  whioh  will 
reduae  the  error  of  the  approximation.  The  energy  remaining  in  the  ragicn 
25yU  to  co  will  be  only  18  percent  at  60®F. 

Tha  emissivity  or  absorptivity  of  the  surface  is  equal  to  1 - r,  that  ia 
e » 0.856. 

B,  Solar  Absorptivity  of  Flat  ATiita  Paint 

The  oaloulatior.  is  performed  in  a similar  manner  as  that  above 
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73. 

Tho  spectral  distribution  of  3olar  onurfy  iu.  available  from  several 
references.  The  tables  givon  in  “Illumination  Engineering"  by  tVoon  wo ro 
used  in  tho  following  calculation. 


X 

P 

1 

u 

0.  °X 

X 

rx-* 

°X 

rX  °X 

0.4 

46.0 

.0760 

.03  4 3 

1,23 

.61.7 

.0415 

.0238 

0,5 

83.0 

.1463 

.1215 

1.50 

55,3 

.0268 

.0148 

0.6 

83,3 

.1332 

.1220 

1.75 

51.2 

.0196 

.oleo 

0.7 

03  ,0 

.1230 

.1162 

2.00 

49.6 

.0124 

.0082 

0.6 

92.7 

,0960 

.009 

2.23' 

'40.5 

.0064 

.0023 

0,9 

93.0 

.0732 

.070 

1.00 

92.0 

.0633 

.0534 

Tho  calculation  yields 
r * 0.796 

or 

1 - r * a » 0.2C4 

Tho  spectral  reflectivity  between  0.4  and  l.O^u  was  obtained  with  a 
G.  B.  Hecording  Spec trophotoma tor »•  Tho  discrepancy  at  X * l.O^u  between 
the  data  U3ad  in  the  above  calculation  and  that  3hown  in  ?igure  I-A-?2  is 
duo  to  tho  differences  in  thickness  of  tho  two  samples  measured.  Two 
different  samples  were  required  for  the  different  methods  of  measurement. 

The  value  used  was  chosen  a3  tne  more  representative  in  the  region  of  high 
solar  energy  since  the  solar  energy  distribution  curve  is  decreasing  rapidly 
beyond  1.0  microns. 

Acknouledf-erent  - *ne  ■'repnrat J c.n  cf  tr.is  report  has  been  greatly  facili- 
tate-! cy  (Vrs.)  Ocnna  ivar.3  because  of  i»*ir  assistance  and  suggestions  in 


